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If compact baryonic objects contribute signicantly to the dark matter in our Galaxy, their mass function will
present vital clues for galaxy formation theories and star formation processes in the early Universe. Here we discuss
what one might expect to learn about the mass function of Galactic dark matter from microlensing and from
direct searches in the infrared and optical wavebands. Current microlensing results from the EROS collaboration
already constrain halo mass functions which extend below 10
 4
M

, whilst recent HST observations place strong
constraints on disc and halo dark matter mass functions extending above 0:1 M

. Infrared observations should
either detect or constrain objects larger than 0:01 M

in the near future. Objects below 0:01 M

should be
detectable through microlensing, although the prospects of determining their mass function depend critically on
a number of factors.
1. INTRODUCTION
There is evidence for dark matter on many
scales: in the Galactic disc; in galactic haloes;
in clusters of galaxies; even perhaps in a smooth
background [1,2]. The evidence implies that, as
one observes on larger scales, the discrepancy be-
tween the amount of material inferred from an in-
ventory of the luminous matter and that implied
by dynamical studies increases, and that the lu-
minous matter contributes only around 0.3% of
the critical density [3].
The solution to these dark matter problems
may not be the same for each case. Indeed,
whilst any disc dark matter must surely be bary-
onic (since one requires dissipation for the forma-
tion of discs), the cluster and background dark
matter problems almost certainly require non-
baryonic solutions, since structure formation and
primordial nucleosynthetic arguments favour a
low baryon density (at around 5% of the criti-
cal density) [4,5]. The nature of halo dark mat-
ter remains unknown and may be baryonic, non-
baryonic or a mixture of both.
For this talk we assume that baryonic dark
matter (BDM) contributes signicantly to the
density in galactic haloes. BDM represents the
minimal hypothesis in that no new fundamental
physics is required: we know that baryons ex-
ist! Also, the amount of matter inferred to be
locked up in haloes is intriguingly close to the
prediction of primordial nucleosynthesis calcula-
tions. Therefore, the BDM hypothesis seems a
reasonable one. BDM candidates span 13 orders
of magnitude from 10
 7
-M

`snowballs' to 10
6
-
M

supermassive black holes, although there are
observational and theoretical constraints on many
of these [2]. If the dark matter in galaxies is in
the form of compact baryonic objects it is clearly
desirable to know their mass function. The mass
function is crucial to understanding processes in-
volved in star and galaxy formation and so is not
only relevant to the dark matter problem.
2. THE MASS FUNCTION
The mass function (MF) is the number density
per unit mass interval, dn=dm, of objects in the
mass range (m;m+dm) and is typically expressed
in some functional form, such as a power law:
dn=dm / m
 
(m
l
< m < m
u
); (1)
where m
l
and m
u
denote the lower and upper
mass cutos, respectively. The problem in decid-
ing a functional form for the dark matter MF is
that current star formation theories are not su-
2ciently advanced to reliably predict it. Therefore
one is forced to adopt the simplest case and so
we shall assume that the dark matter MF has the
form of eqn (1). Note from eqn (1) that the mass
density  / m
2 
and so  is dominated by ob-
jects of mass m
l
if  > 2 and by objects of mass
m
u
if  < 2.
Observations of visible disc stars imply that 
decreases from 2.7, between 1 M

and 10 M

[6], to around 1.3, between 0:1 M

and 0:5 M

[7], implying that low mass M-dwarfs and brown
dwarfs (stars lighter than 0:08 M

, which have
insucient mass for hydrogen burning) may not
contribute greatly to the disc dark matter density.
Some observations of stars in the visible spheroid
imply a very steep MF with  ' 3:5 down to
0:15 M

[8], although recent HST data appears
to contradict these claims [9]. The halo MF is
completely unknown. The dierent values of 
for the disc and spheroid highlight a further prob-
lem in reconstructing the dark matter MF from
observations. The fact that the Galaxy is char-
acterised by several distinct components implies
that star formation conditions in these compo-
nents are likely to have been quite dierent from
each other and so one should not expect their
MFs to be the same. Therefore one needs to be
able to disentangle observations of disc dark mat-
ter from halo dark matter in order to specify  for
each. In the case of infrared or optical searches
this is possible with additional spectroscopic and
velocity dispersion data but, as we shall discuss
shortly, this is a non-trivial matter for microlens-
ing.
3. MICROLENSING SEARCHES
The microlensing technique (which is described
elsewhere in these proceedings [10]) was rst
recognised by Paczynski as a potentially useful
method for detecting dark matter in our Galaxy
[11]. There are presently three microlensing ex-
periments in progress: MACHO [12], which has
so far been monitoring stars towards the Large
Magellanic Cloud and Galactic Bulge; EROS [13],
which so far has only observed the LMC, and
OGLE [14], which is looking at the Galactic
Bulge. Hitherto 6 events have been detected
by MACHO and EROS towards the LMC and
more than 50 by MACHO and OGLE towards
the Bulge.
The number of objects lensing the light from
a background source at any time is given by the
optical depth,  / R
2
e
=m, where
R
e


4Gmx(L  x)
c
2
L

1=2
(2)
is the Einstein radius of a lens of mass m at dis-
tance x along the line of sight, with L the distance
to the source star. Towards the LMC and Galac-
tic Bulge, 
<

10
 6
for the disc and halo and so it
is necessary to continuously monitor 10
6 7
stars
to give a reasonable chance of detecting an event
[11]. Since R
e
/ m
1=2
,  is independent of m and
is insensitive to the assumed MF.
The characteristic timescale of a lensing event
is t
e
= R
e
=V
t
, where V
t
is the transverse veloc-
ity of the lens relative to the line of sight. From
eqn (2) one sees that the average timescale ht
e
i
scales as m
1=2
, where ht
e
i is averaged over x, L
and V
t
, and so ht
e
i is sensitive to the assumed
MF. The event rate   = =ht
e
i / m
 1=2
is also
sensitive to the MF. Hence, in principle, the dis-
tribution d =dt
e
provides a powerful measure of
the MF.
Since the microlensing technique cannot
uniquely determine x and V
t
for a particular lens,
one can only obtain a crude estimate of individ-
ual lensing masses by integrating over all com-
binations of x, L and V
t
consistent with the ob-
served timescale t
e
and assuming that a priori
all masses are equally probable [15]. The result
is shown in Fig. (1) for the case of a halo event
with a timescale of 20 days (typical of the data)
observed towards the LMC. The problem is that
this estimate itself depends on the assumed MF
and so it is not a particularly useful quantity for
determining it. One must therefore rely on ob-
servables such as   and t
e
.
However, in the case of the halo,   and t
e
also
depend on other unknown or poorly constrained
parameters, such as the amount of halo atten-
ing, the halo core radius and the halo velocity
distribution. For the disc, the relative contribu-
tion of the `thin' and `thick' components is not
well determined. Furthermore, a major diculty
3Figure 1. The relative likelihood that a halo lens
of mass m produces an observed event of 20 d
duration towards the LMC. For other timescales,
scale the m axis by (t
e
=20 d)
2
.
in reconstructing the separate MFs of the halo
and disc dark matter arises from their unknown
relative contribution to the observed lensing rate.
The contributions to lensing from the LMC and
the Bulge themselves also need to be determined
[16,17]. The angular dependence of  should help
to constrain at least some of these parameters,
although  contains no information on the lens
velocity distribution. Hence it may only be pos-
sible to obtain information on the shape of the
MF for one of the components, and even then
only provided it dominates the observed lensing
rate.
Whilst it may be dicult to determine the MF
if events are detected, one can clearly constrain
 if no events are detected over some mass range.
The EROS CCD search, which is sensitive to low
mass objects, failed to nd any candidates from
its rst year of data, which impliesm
l
> 10
 4
M

if  < 2 for the halo MF, assuming the halo is
completely baryonic [10].
4. DIRECT SEARCHES
Recent HST observations of a high-latitude
eld found 5 stars with 2 < V   I < 3 below
I = 23 and none with V  I > 3 [9]. This is much
lower than expected if M-dwarfs comprise either
the halo or disc dark matter and so limits their
contribution to < 5% for the halo and < 15% for
the disc at the 95% condence level. Hence these
constraints imply m
u
< 0:1 M

if  > 2 for halo
or disc dark matter MFs.
Brown dwarfs are much more dicult to de-
tect and are observable only as very faint infrared
sources. To date no `gold-plated' brown dwarf
candidate has been observed. The IRAS point-
source survey limits the contribution of 0.08-M

brown dwarfs (the most massive) to less than 50%
of the disc dark matter at the 95% condence
level [18] (assuming a local disc dark matter den-
sity of 0:15 M

pc
 3
[19]), consistent with lim-
its based on extrapolating the visible stellar MF.
IRAS does not place limits on their contribution
to halo dark matter [18].
Future infrared missions such as ISO and
SIRTF should improve on IRAS [Fig. (2)], as
should the 2MASS ground-based survey. The
SIRTF satellite should be capable of detecting
brown dwarfs about an order of magnitude fainter
than those detectable with ISO . The completed
2MASS all-sky survey should be capable of de-
tecting disc brown dwarfs with masses greater
than 0:01 M

or halo brown dwarfs more mas-
sive than 0:03 M

. There is little prospect that
brown dwarfs less massive than 0:01 M

will be
detected in the near future using direct searches.
5. CONCLUSIONS
Microlensing and direct searches in the opti-
cal and infrared represent powerful techniques
for detecting compact baryonic matter. Cur-
rent limits from microlensing already imply that
m
l
> 10
 4
M

if  < 2 for halo MF and HST
observations require m
u
< 0:1 M

if  > 2 for
halo or disc MFs, leaving only the brown dwarf
mass range (10
 3
M

{ 0:08 M

) presently un-
constrained [20]. On the other hand, infrared
searches over the next decade or so should either
4Figure 2. The expected ux from the brightest
halo brown dwarf, assuming a local halo density
of 0:01 M

pc
 3
. If all the brown dwarfs have
mass m
u
or m
l
(solid lines), the brightest brown
dwarf will be the nearest, but if the MF is a
power law (dashed lines) then dierent masses
will dominate the ux at dierent frequencies.
The `eective' sensitivity of the IRAS and ISO
satellites are also shown. (The ISO 3 limit as-
sumes an integration time of 100 s over an area of
16 deg
2
, corresponding to a total observing time
of 7.5 days.)
detect brown dwarfs more massive than 0:01 M

or place limits on their density. Together with
spectroscopic and velocity dispersion data, these
searches should allow determinations of the local
halo and disc dark matter MFs. It is unlikely that
brown dwarfs less massive than 0:01 M

will be
directly detected in the near future.
The microlensing technique has the added ad-
vantages that it is, in principle, sensitive to
the entire proposed baryonic mass range from
10
 7
M

{ 10
6
M

and that MF determina-
tions from microlensing are global rather than
local (since microlensing is sensitive to objects
anywhere along the line of sight). However, in
practise, it may prove dicult to reconstruct both
the halo and disc MFs from observations. Pro-
posed space-bourne microlensing searches, which
together with observations from the ground would
provide parallax information [21], will be ex-
tremely useful in this regard.
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